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Study of a possibility of suppression of
the background by the way of the event
selection and an influence of the back-

ground on the calibration.



History

1 step. Studies of the background at the
particle level.

D.Bandourin, V.Konoplianikov, N.Skachkov

"Jet energy scale setting with y+jet events at LHC
energies. Detailed study of the background sup-
pression”, JINR Preprint E2-2000-255, JINR, Dubna.

It was shown that background can be suppressed
significantly by usingof the event selection:the back-
ground fraction is about 10% at the signal suppres-
sionin to 10timesfor Pt” > 40 GeV/c.



2 step. Simulation of effectsin setup:
e CMS geometry,
e 47T magneticfield,
e energy and spatial smearing

V.Konoplianikov, V.Palichik, E.Tikhonenko,
O.Kodolova. "Background study for v + jet with
CMSJET and CMSIM”, CMS NOTE 2001(in dratft).

It wasshown that geometry, field and smearingprac-
ticaly don’t influenceonthe number of background

events and onerrors of v — jet calibration.

3 step. Curr ent results

(comparisonCMSJET/CMSIM/ORCA).
e Simulation of an electronical noise.
e Study of aninfluenceof the background

on the calibration at soft and hard cri-
teria of event selections.



Used events with direct photons (v + jet)

and background (jet + jet) from Spring01
production

Parameters of the samples "1” — "3”
Parameter "1” "2 "3
Pt (GeV/e)| 20 40 | 100
Ptl _(GeV/c)| 40 100 | 200
P MIN 10 20 50
P mMax 80 200 | 400
No of events | 50000 |50000 | 50000

Currentproductionhasbeencarriedout with
preliminaryselectionatthe PYTHIA level:

Inside 4x4-region (4x4 crystals)
—shouldbe e/ with Pt > 5 GeV/c;

—asumof Pt of particles: Pt4x4 > Pt .. ;
—no hadronswith Pt > 10 GeV/c.

Inside R = 0.7 and outside 4x4-region
—any number of chargedparticleswith Pt < 2GeV/c;
—a sum of Pt for neutral + charged particles with

-~ Pt>2GeV/c is< 200 Pt4x4;
—asumof Pt for all particlesis < 25% Pt4x4.



Backgroundscontents.
"~y —mesons’ —the photonsfrom ', , w and K?;

"~v—brem’” —the photonswere emmitedfrom quarks.

Background study levels:

"PYTHIA " — CMSJET v.4.703 without field and
energy and spatial smearing;

"FIELD " — CMSJET with field and without energy
and spatial smearing;

"SMEAR” — CMSJET with field and energy and

spatial smearing;
"ORCA” — CMS121 + ORCA454



Influence of the background
on the calibration

The task of calibration is to reconstruct Et/¢
using Et7:
Et' = BtY

We have different values of disbalances:
Ag = (Et" — Et')s¢ — a case of signal events;

Agyp = (EtY — Et*") 5, p — a case of signal

+ background.

Thus background causesan error into the cali-
bration:
Agip — Ag

Futher we shall characterize backgroundsby:

e apart of background events B/(B+S);

e anerrors ds.p—0s = (Asip — Ag)/Et7;
e andifferencecs . p—os (0 =RMS of Et'-Et/¥).



For background suppressionwe put con-
straints (selectioncuts) on the values:

Et’*” — summarized Et in the R=0.7 outside 3x3
crystals,
A¢ —angle between "y” and jet
Et/¢?2 — Et of the second jet
Eto“ — vector sum of Et outside 3x3 crystals and
outside jet

We study background with soft and hard cuts (1-7),
with the simultaneous limitation on the Et*, Ag...
The each of the selection cuts 1 — 7 is connected
with the efficiency of signal suppresion (Effs):

Selectioncuts| 1 |23 |4 /5|6 |7
Effs (%) 83/60(40|27/17/10| 5

We have at ORCA-level for Et7 = 100 GeV:

Selection cuts || 1 (Effs=83%) | ... |7 (Effs=5%)
Et’ max (GeV) 12 4
(180° — A¢°) max 38 15
Et/2 max (GeV) 40 15
Et°“ max (GeV) 41 10
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Thebackgroundait ORCA-level is equalabout60% for
hardcuts(4-7) (instead307% withoutnoise(fig.b)). How-
ever, startingwith 3-4 cutsthebackgroundeadsto sys-
tematicerrorsof a calibration<1% (fig.c) andstatistic
errors< 2% (fig.d). At the sametime signalis sup-
pressedn to 3 times(fig.a).



Casedl < Et7 < 100GeV.
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For higher Et” the situationwith backgrounds much
better In caseORCAwe have atcut4:

partof backgrounds 30% (fig. b)
andat cut 2 (Eff s=60%):

sistematierror <1% (fig. c)
andstatisticerror <2% (fig. d).
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With ORCA calculationa partof + -mesonsis increased
In to 2 times(isolation criteria had worse performance).
A systematicerror dependsmainly from the~ -brem,
having the Et'-Ev*! disbalancaliffer than~ -direct.

~ -mesonsinfluencemainly into the statisticerror.
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For higherEt" the situationwith influenceof noiseon
partof " v-mesons,

systemati@andstatisticerrors
IS similar.



Casel) < Et7 < 100GeV .
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We canto reducea part of the backgroundn the se-
lectedeventsby usingEt’*”, A¢, Et/** andEt*" cuts.
Ag, Et/2, Eto suppresshebackgroundt PARTICLE,
FIELD, SMEAR, ORCA levelsequaly But backgroundsup-
pressiomt ORCA-level by Et@SOZ -cutworkedworsely



Casel) < Et7 < 100GeV .
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The Etg‘”l distributionsfor bothsignalandbackground
at PARTICLE, FIELD, SMEAR andORCA levelsare
presentedhere. We canseethat the signaland back-
groundseparations notgoodat ORCA level. Thisfact
IS the main sourseof the degradationof situationwith
backgroundatthe ORCA level.



Conclusions

e \We have usedorca 454, which differs from
cMsJET/CcMsIM In digitisation, I.e. noiseis included:

Parameter ECAL | ECAL HCAL
(GeV) barel |endcap

E cut to cell 0.060| 0.300 | 0.300
Et noisein cone0.7| 4.0 2.0 1.0

e Upon taking into account the noise, the back-
groundisincreasedn to 2 timesasaresultof the
worse background suppressionwith an isolation
cut.

e However, by using of the event selectionat signal
suppressionin to 2 times, the background leads
to calibration errors lessthen 1-2%.

e Situation with v in EB and ~ in EE is similar.

Next step of the background study
IS taking in to account
e pile-up,

e ~-trigger,
o 7 rejection.



